Microstructure, static tensile properties and fracture mechanisms of high chromium alloyed sintered steel with a total amount of alloying elements of 36.9% at room and high temperatures up to 800°C were investigated. The material was prepared by conventional powder metallurgy technology using cold compaction and sintering. The microstructure of the tested material consists of carbide particles with size of ~1 µm homogeneously distributed mostly at boundaries of austenitic grains with size of ~5 µm. The fracture surface of the specimens tested at all the temperatures was consisting of ductile dimples initiated by carbides. Based on changes in the features of the fracture surface of micromorphology the effect of the test temperature on strength and plastic properties was explained.
Introduction
High chromium alloyed stainless steel is a traditional material for precise and demanding machine parts like seals, washers, bearing liners, etc. For these application properties such as high strength and ductility, fatigue strength, wear resistance, etc., are necessary. A material's strength is an important aspect in modeling its behaviour under a wide range of conditions, including high pressures and strain rates. In some cases it is desirable to exploit or optimize strength to improve performance. During tensile testing, failure of dual phase steels has been attributed to void formation, which has been observed primarily within the necked region at high-local strain [1] [2] [3] [4] . A series of studies [5] [6] [7] [8] [9] [10] [11] [12] have emphasized that damage accumulation and tensile fracture behavior of steels are related with test temperature, strain rate and stress state. References [13, 14] show that retained austenite after high temperature quenching increases the fracture toughness and tensile strength in ultra high strength steel. In Reference [15] , the effect of nickel on the mechanical behavior of molybdenum PM steels is reported, the results indicate that in the as-sintered condition increasing nickel content increases tensile strength and decreases elongation to fracture as a result of increased levels of hard constituents (martensite and lower bainite) within the microstructure. The aim of the present work was to investigate tensile properties of high chromium alloyed PM steel and to explain fracture mechanisms of investigated material.
Experimental material and methods
The tensile properties of the Fe-Cr-X-C high alloyed sintered steel with a total amount of alloying elements of 36.9% were tested at room and elevated temperatures ranging from 215 to 800°C in the air. The material was prepared by conventional powder metallurgy technology using cold compaction and sintering. Applying optimal processing conditions a low porosity (about 5%) formed by small spherical pores with a size less than 2 µm was obtained. The microstructure of the tested material consists of the carbide particle with size of ~1 µm homogeneously distributed mostly at the boundaries of the austenitic grains with size of ~5 µm and hardness of 275 HV0.025. Test specimens according to Standard ISO 6892-2 were produced by machining from sintered rectangular specimens. Both room and elevated temperature tensile tests were performed on an INSTRON tensile machine at the strain rate of 0.25mm/min.
Results and discussion
The tensile strength properties of sintered high chromium alloyed steel at RT and elevated temperatures are in Table 1 . Figures 1 and 2 show the yield and tensile strengths and elongation of material have dependence on testing temperature. At the testing temperature of 600°C and higher, the strength properties can be affected by decohesion in interfaces of hard phase/matrix which resulted in the formation of voids around some carbide particles. Slightly more significant ductile (line) facets were identified for specimens tested at the temperatures of 600 and 700°C. The fracture surfaces of specimens tested at 800°C consisted of some intergranular facets of the size up to 10-15 µm with small particles, probably as a result of possible precipitation processes at temperatures higher than 700°C.
Conclusions
The yield and tensile strengths of the tested material decrease with increasing testing temperature. Following the development of some local plastic flow the elongation increases up to 700°C and decreases for the test temperature of 800°C. The fracture mechanism does not change with the increase of the test temperature and consists of ductile dimples initiated by hard phases.
